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Absolute I* quantum y i e l d s  have been measured as a func t i on  o f  
wavelength fo r  room temperature photod issoc ia t ion  o f  t he  I C N  X 
s t a t e  continuum. 
resolved diode lase r  gai n-versus-absorption spectroscopy . Quantum 
The y i e l d s  a re  obtained by the  technique o f  t ime-  , 
y i e l d s  are evaluated a t  seven wavelengths from 248 t o  284 nm. The 
y i e l d  a t  266 nm i s  66.0+2% and it f a l l s  o f f  t o  53.4+2% and 44.0+4% iiic 
284 and 248 nm, respect ive ly .  
h igher  than those obtained by previous workers us ing i n f r a r e d  
t luorescence. Estimates of I* quantum y i e l d s  obta ined from ana lys is  
The l a t t e r  values are s i g n i f i c a n t l y  : 
of CN photofrayment ro ta t i ona l  d i s t r i b u t i o n s ,  as discussed by other  
workers, a re  i n  good agreement w i t h  t h e  I* y i e l d s  repor ted here. 
n 
f 
The r e s u l t s  are considered i n  conjunct ion w i t h  recent t h e o r e t i c a l  
and experimental work on the CN r o t a t i o n a l  d i s t r i b u t i o n s  and w i t h  
previous I* quantum y i e l d  resu l ts .  
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I. INTRODUCTION 
Photodissoc iat ion dynamics o f  t he  ICN 'A: s t a t e  has been an a c t i v e  area o f  
both 'theoretical'-' and experimental 7-18 study. This i s  due i n  p a r t  t o  t h e  
t r a c t a b i l i t y  o f  t h e  study o f  l i n e a r  t r i a t o m i c s  by quantum and semic lass ica l  
ca lcu la t ions ,  the r e l a t i v e  a c c e s s i b i l i t y  o f  t he  UV absorpt ion band i n  ICN, and 
t h e  ease w i t h  which the  CN photofragment i s  probed by laser- induced f luorescence 
(LIF). Even though a great  deal i s  known about I C N  photodissoc iat ion,  a complete I 
I 
d e s c r i Q t i o n  o f  the photophysics i s  complex and a number o f  problems r e m a i n . l ~ ~ * ~  
The number and nature o f  t he  repu ls i ve  p o t e n t i a l  surfaces, as we l l  as the  ex ten t  
o f  ad iabat ic  and nonadiabatic d i s s o c i a t i o n  pathways are i n  q u e s t i ~ n . ~ , ~  The 
increas ing  wealth of d e t a i l e d  product s t a t e  i n fo rma t ion  i s ,  however, c l a r i f y i n g  
t h i s  complicated d i s s o c i a t i o n  process.7-12*15*18 Several elegant s tud ies 
have measured the d e t a i l s  o f  t he  CN product states.7-12,15,16,18,19 The CN 
r o t a t i o n a l  s ta te  data show d i s t i n c t  low and h igh  N" r o t a t i o n a l  d i s t r i b u t i o n s ;  
t he  low and high N" d i s t r i b u t i o n s  have been ascr ibed t o  the  I* and I channels, 
r e ~ p e c t i v e l y . ~ - g  The I/I* branching r a t i o  can be estimated by sumning over 
r'll r o t a t i o n a l  l i n e s  f o r  both the  low N" (I*) and h igh  N" (I)  distribution^.^ 
Zince the  branching r a t i o s  estimated from t h e  CN r o t a t i o n a l  d i s t r i b u t i o n s  
disagree w i t h  the only repor ted study o f  wavelength-resol ved branching 
ra t ios , lO new measurements o f  absolute wavelength-resolved I* y i e l d s  would 
he lp t o  c l a r i f y  t h e  I C N  s t a t e  d i s s o c i a t i o n  behavior. 
% 
I n  t h i s  paper we repor t  wavelength-resolved I* quantum y i e l d s  fo r  t he  I C N  ?T 
I 20,21 
s t a t e  us iny time-resolved diode lase r  gain-versus-absorption spectroscopy. 
A cw InGaAsP diode lase r  i s  used t o  probe t h e  t r a n s i e n t  absorpt ion between the  
2p1/2 and 2p3/2 atomic i od ine  states. 
and the  excel lent  amplitude s t a b i l i t y  of t he  diode lase r  a l l ow  for a s e n s i t i v e  
The d i r e c t  probe o f  t h e  two l e v e l  system 
and accurate determination o f  t he  absolute y i e l d s .  Since the  cur ren t  study 
r . 
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Is motivated by several  recent measurements and t h e o r e t i c a l  studies,1,7-9 a 
sumnary o f  t h i s  previous work i s  presented here before descr ib ing  our resu l ts .  
It i s  known t h a t  t he re  are a t  leas t  two e l e c t r o n i c a l l y  d i s t i n c t  channels 
i n  t h e  d i s s o c i a t i o n  of t he  E State continuum (210 t o  N350 nm). One corresponds 
t o  ground s t a t e  i od ine  I(2P3/2) + CN(X*E+) and the  other  t o  exc i ted  i od ine  
1*('P1/2) + CN(X E + ) -  ?-lo While it i s  ene rge t i ca l l y  poss ib le  t o  produce the  
e l e c t r o n i c a l l y  exc i ted  CN(A%), t h i s  e l e c t r o n i c a l l y  exc i ted  s t a t e  i s  not 
observed i n  I C N  A: s t a t e  photolysis. l4*19 Photo lys is  a t  266 nm produces a 
CN v i b r a t i o n a l  d i s t r i b u t i o n  t h a t  i s  la rge ly  i n  v'=O w i t h  less than 2% i n  v"=1 
and v'W.7,15*16*19 Photo lys is  i n  the long wavelength t a i l  ( a  c1 > 290 nm) 
leads t o  a l a r g e r  f r a c t i o n a l  v ib ra t i ona l  exCitat iOn&18 F isher  e t  a l .  f i nd  
populat ions o f  10% and 2% f o r  v W  and v"=2 respec t i ve l y  a t  308 nm.18 A t  
wavelengths longer than 320 nm, however, v i b r a t i o n a l  e x c i t a t i o n  i s  no t  
observed.9,18 It should be noted t h a t  a t  longer photodissoc iat ion 
wavelengths, hot  band absorpt ion becomes increas ing ly  important18 and a t  
a 2 300 nm the  I* channel i s  no longer ene rge t i ca l l y  a c ~ e s s i b l e . ~ ~  
The yhotofragment angular d i s t r i b u t i o n s  i n d i c a t e  t h a t  a t  266 nm the  
t r a n s i t i o n  moment i s  predominantly p a r a l l e l  .9#13 There i s  disagreement 
as t o  whether the  t r a n s i t i o n  moment has both a p a r a l l e l  component and a minor 
perpendicular component o r  i f  the  t r a n s i t i o n  moment contains only a p a r a l l e l  
component which accesses a s ing le  exci ted s tate.  
ad iaba t i c  e lec t ron i c  curve cross ing processes are invoked t o  expla in  the  
d i s t i n c t  I* + CN(2E+) and I(2P3/2) + CN(~Z+) product channels.8-10 Cor re la t i on  
diagrams support t he  hypothesis t h a t  a s i n g l e  exc i ted  s ta te  c o r r e l a t i n g  t o  I* + 
I n  the  l a t t e r  case non- 
CN i s  accessed by a pure p a r a l l e l  t rans i t i on .  From s y m e t r y  arguments it i s  
impossible t o  have a p a r a l l e l  t r a n s i t i o n  lead ing  t o  a l i n e a r  exc i ted  s t a t e  which 
co r re la tes  d i r e c t l y  t o  I(2P3/2) as a productm2 A curve cross ing i s  l i k e l y  then, . 
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since t h e  I(2P3/2) channel has been shown t o  a r i s e  from a p r i m a r i l y  p a r a l l e l  
t r a n s i t i o n . 9 ~ 1 3  Unpublished MCD r e s u l t s  a l so  suggest t h a t  t he  absorpt ion i s  
due t o  only one e lec t ron i c  s t a t e  i n  the  reg ion between 210 and 320 nmO9 A 
"mixed" t r a n s i t i o n  i s  supported by measurements of t he  anisot ropy p a r a m e t e r . 8 ~ ~ ~  
Averages of t he  reported values f o r  t he  I* and I channels a re  1.5 and 
B~ m 1.2.9r13 A l l  measured B values dev iate from the  maximum value of 2.0, 
which would be the case i f  the  t r a n s i t i o n  moment i s  pure ly  p a r a l l e l  and t h e  
d i ssoc ia t i on  i s  d i rec t .  
e i t n e r  reactant r o t a t i o n  p r i o r  t o  d i ssoc ia t i on  o r  angular momentum r e s t r i c t i o n s ,  
i.e., i f  the molecule i s  bending p r i o r  t o  and du r ing  the  d i s s ~ c i a t i o n . ~  
Previous wavelenyth-resol ved I* quantum y i e l d  measurements have suggested t h e  
existence o f  a t  least  th ree  s ta tes  under ly ing the  absorption, assuming t h a t  
nonadiabat ic channels are minor.10 Our r e s u l t s  do not f i n d  the  same s t r u c t u r e  
as reported i n  Ref. 10. 
The decrease i n  anisotropy cannot be expla ined by 
Several groups have used the  technique o f  pulsed lase r  photo lys is  
and LIF detec t ion  t o  study the  r o t a t i o n a l  s ta te  d i s t r i b u t i o n s  o f  the  CN 
frarment.9~12,14,1~,18 Var ia t ions of t h i s  basic technique have been used 
t o  determine the  anisotropy of t he  X s t a t e  t ransi t ion,8,9 the  alignment o f  
t h e  CN fragment,8 the  populat ions of t he  CN spin r o t a t i o n  components,9,16 
and the  v ib ra t i ona l  populat ions as a func t i on  o f  wavelength.15~18 The 
experimental ro ta t i ona l  d i s t r i b u t i o n s  obtained by several groups are i n  
excel  l e n t  agreement .7-9*14,15 The non-Bolttmann r o t a t i o n a l  d i s t r i b u t i o n  
produced i n  the  266 nm photo lys is  of room temperature molecules has been 
described as a convolut ion of t h ree  temperature  component^.^^^^ The low, 
medium, and h igh  N" components fit "temperatures" o f  approximately 50, 500 
and 7000 K respect ively.  The two lowest N" temperature components have been 
assiyned t o  the  I* channel and the  h igh  N" temperature component t o  t h e  ground 
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s t a t e  1 atom channel. 
from a bent exc i ted  s t a t e  wh i le  t h e  l o w  N" d i s t r i b u t i o n s  correspond t o  a 
l i n e a r  dissociation.8,9,15 The separate summations o f  these l o w  and h igh  
r o t a t i o n a l  d i s t r i b u t i o n s  p r e d i c t  I*/I y i e l d s  t h a t  a re  very d i f f e r e n t  from 
those prev ious ly  obtained by the  i n f ra red  f luorescence technique.1° 
It i s  be l ieved t h a t  t h e  h igh  N" d i s t r i b u t i o n  i s  der ived  
11. EXPERIMENTAL 
The experimental setup has been described previously.20,21 The general 
approach employs a two lase r  pulse and probe technique which i s  displayed i n  
Fig. 1. An ampl i f ied,  frequency-doubled pulsed Nd:YAG lase r  i s  used t o  pump a 
pulsed dye laser .  The tunable v i s i b l e  output  of t he  dye lase r  i s  frequency 
doubled t o  produce 10-15 mJ/pulse of tunable UV l i g h t  f o r  t he  photodissoc iat ion.  
A t  t h e  248 nm photo lys is  wavelength, a KrF excimer l ase r  i s  used. The UV beam 
i s  telescoped down t o  produce a 2 mn diameter beam t h a t  i s  then d i rec ted  through 
a 90 cm long pyrex absorpt ion c e l l .  
A commercially ava i l ab le  cw InGaAsP diode lase r  w i t h  a t o t a l  output power 
po o t  approximately 6 mW i s  used as the probe laser .  The diode rad ia tes  equa l l y  
from both f r o n t  and back facets. 
a n t i r e f l e c t i o n  coated compound lenses (Fig. 2). 
i s  passed through a Brewster's angle l i n e a r  p o l a r i z e r  and a quarter-wave p l a t e  
and tnen d i rec ted  t o  the  experiment. The l i n e a r  p o l a r i z e r  quarter-wave p l a t e  
combination serves t o  i s o l a t e  t h e  sens i t i ve  diode l a s e r  from o p t i c a l  feedback 
which may be caused by back r e f l e c t i o n  a long t h e  o p t i c a l  t r a i n .  The o p t i c  a x i s  
o f  t h e  quarter-wave p l a t e  i s  o r ien ted  a t  45' t o  t h e  e l e c t r i c  vector o f  t h e  
l i n e a r l y  po la r i zed  diode l a s e r  emission; t h i s  converts t h e  p o l a r i z a t i o n  from 
l i n e a r  t o  c i r c u l a r .  Back re f l ec ted  c i r c u l a r l y  po la r i zed  l i g h t  must pass again 
through the  quarter-wave p la te ;  t h i s  converts t h e  c i r c u l a r l y  po la r i zed  
The diode l a s e r  l i g h t  i s  co l l imated  by 
The l i g h t  from t h e  f r o n t  f a c e t  
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r e f l e c t i o n  back i n t o  l i n e a r  po la r i zed  l i g h t  whose E vector  i s  ro ta ted  by 90". 
Fur ther  transmission o f  t he  ro ta ted  l i n e a r  po la r i zed  r e f l e c t i o n  i s  blocked 
by the  l i n e a r  po la r izer .  The c i r c u l a r l y  po la r i zed  output i s  telescoped down t o  
produce a 2 mn diameter probe beam t h a t  i s  crossed a t  small angle w i t h  t h e  
counterpropagatiny photo lys is  beam i n s i d e  t h e  absorpt ion c e l l .  
Immedi a t e l y  f o l  
o r  absorpt ion o f  t he  
detected w i t h  a f a s t  
i s  subsequently amp1 
owing photo lys is  o f  t h e  gas phase ICN, t r a n s i e n t  ga in 
cw diode lase r  by the  popu la t ion  of I* and I atoms i s  
(>60 Miz) ,  room temperature Ge photodiode. The s igna l  
f ied ,  d i g i t i z e d ,  and, when necessary, s igna l  averaged. 
L igh t  emitted from the  rear  facet of t he  diode i s  co l l ima ted  and imaged onto 
a L i t t r o w  conf igura t ion  g ra t i ng  (Fig. 2). The dispersed back-ref lected l i g h t  
i s  frequency selected by tun ing  t h e  angle o f  t h e  grat ing.  
des i red  l ong i tud ina l  mode o f  t he  diode i s  back-ref lected,  t h a t  p a r t i c u l a r  mode i s  
y r e a t l y  enhanced a t  the expense of t he  o ther  undesired modes. This frequency 
s e l e c t i v e  feedback forces the  normally multimode l a s e r  i n t o  near ly  s i n g l e  mode 
opera t ion  (Fig. 3 ) .  The increased power a t  t h e  des i red wavelength and concurrent 
l i n e  narrowing22923 dramat ica l l y  improves the  s e n s i t i v i t y  o f  t he  technique. 
The diode laser  i s  tuned t o  t h e  i o d i n e  2P1/2 + 2P3/2 t r a n s i t i o n  as 
follows. Approximately 10% o f  t he  diode beam i s  s p l i t  o f f  p r i o r  t o  t h e  
absorpt ion c e l l  and d i rec ted  through a h igh  temperature furnace (T = 800- 
1000°C). The furnace contains I B r  which i s  thermal ly  d issoc ia ted  t o  produce I 
atoms. The laser  beam i n t e n s i t y  e x i t i n g  t h e  furnace i s  monitored by a PbS 
detector .  Coarse tun iny  i s  accomplished by vary ing the  temperature and 
forward cu r ren t  of the  diode w i thout  us ing the  g r a t i n g  (i.e., t he  o p t i c a l  path 
between the  gra t ing  and diode i s  blocked). By de tec t i ng  absorpt ion of t h e  
d iode beam as a funct ion o f  diode temperature and cur ren t  t h e  l ase r  i s  tuned 
t o  the  s t rong F'=3 + F"=4 iod ine  hyper f ine t r a n s i t i o n .  
When l i g h t  from t h e  
I n  previous workz0 
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only  the  multimode output a f t e r  t h i s  coarse tun ing  was used t o  perform t h e  
experiment. Fine tun ing  of the  diode i s  achieved by moni tor ing an actual  
experimental s iyna l  from the  Ge diode on an osci l loscope. With the  g r a t i n g  
feedback, t he  diode i s  tuned u n t i l  t he  s igna l  i s  maximized. Minor adjustments 
o f  cu r ren t  and temperature are performed i n  an i t e r a t i v e  manner. Once t h e  
coarse cur ren t  and temperature s e t t  i ngs are establ  i shed, the  d i  ssoci a t i  on 
furnace i s  not necessary and only the  f i ne  tun ing  step i s  required. 
S o l i d  ICN i s  p u r i f i e d  by subl imat ion o r  used d i r e c t l y  a f t e r  evacuation. 
Commercially ava i l ab le  02, HE, and A r  are used wi thout  f u r t h e r  p u r i f i c a t i o n .  
A l l  gases are handled i n  a standard vacuum system. Typ ica l l y  s t a t i c  f i l l s  
o f  t ne  yas mixtures are used f o r  t he  measurements. A small number o f  l a s e r  
pulses (1-8) are requi red fo r  one measurement. 
111. RESULTS 
D e t a i l s  o f  the  l ase r  gain versus absorpt ion technique are given i n  Refs. 
20 and 21. F igure 4 d isp lays a t y p i c a l  t r a n s i e n t  gain versus absorpt ion 
s igna l  . 
obtained on mixtures of s o l i d  ICN (room temperature ICN has a vapor pressure 
of *130 Pa = 1.0kU.05 Torr) ,  02, HZ and Ar .  The quencher and b u f f e r  gases 
are mixed i n  the  propor t ion  1:10:89, respect ive ly .  
hydrogen components rap id l y  quench the I* produced by the  photo lys is  pulse. 
The A r  b u f f e r  gas serves t o  thermal ize the  C N  rad i ca l s  and I and I* atoms 
t r a n s l a t i o n a l  ly. 
The e n t i r e  s ignal  i s  obtained on a shor t  -10 ,,s t ime scale. Data are 
The molecular oxygen and 
This e l im ina tes  Doppler v e l o c i t y  e f f e c t s  and ensures t h a t  
t h e  I/I* hyper f ine sublevels are s t a t i s t i c a l l y  populated.24~25 Fol  
photo lys is ,  a prompt gain i s  observed (Fig. 4). The 02 and H2 then 
of t he  I* atoms produced i n  the  d issoc ia t ion  t o  y i e l d  I atoms quant 
The s igna l  a t  lonyer t imes (T > 20 us) i s  p ropor t iona l  t o  the  t o t a l  
owing 
quench 






I and I* atoms produced i n  t h e  d issoc ia t ion .  The back ex t rapo la ted  t ime zero 
s igna l  i s  p ropor t iona l  t o  t h e  popu la t ion  d i f f e r e n c e  o f  t he  I* and I atoms 
i n i t i a l l y  produced, w i t h  t h e  proper degeneracies fac to red  i n .  
The I* quantum y i e l d s  are obtained w i t h  t h e  fo l low ing  analysis. The I* 
quantum y i e l d  i s  de f ined by 
where N(2p1/2) i s  t h e  number o f  J = 1/2 atomic fragments and N(’P312) i s  t h e  
number o f  J = 3/2 atomic fragments. 
determine branching ra t i os ,  but when i t  i s  known t h a t  every photon absorbed 
leads t o  d i ssoc ia t i on  and t h a t  CN bond cleavage does not occur, then t h e  
quantum y i e l d s  are absolute. The CN bond (D;98 - 184 kcal  mole-1) cannot 
be broken w i t h  the wavelengths used here. I n  add i t ion ,  t he  bond breakage 
t ime  i n  ICN photo lys is  has been measured t o  be -600 f s  a t  t h e  r e l a t i v e l y  long 
wavelength of 306 nm.17 
does occur f o r  every photoexc i ta t ion  event. Only t h e  t ime zero amplitude 
and long t ime amplitude are necessary t o  e x t r a c t  t h e  quantum y i e l d s .  As 
mentioned, t h e  probe lase r  i s  tuned t o  the  s ing le  hyper f ine  t r a n s i t i o n  
I n  p r i n c i p l e  t h i s  technique can only  
It i s  safe t o  assume then t h a t  I - C N  bond breaking 
[ 2 pl /z(F*=3)  + * P ~ / ~ ( F = ~ ) ] .  Thus, t he  r a t i o  o f  i n i t i a l  t o  f i n a l  ampli tude 
i s  given by: 
The symbols F and F* r e f e r  t o  t h e  ground and e x c i t e d  s t a t e  i od ine  
hyper f ine  sublevels, UF-F* and aFf-F are the  absorpt ion and s t imu la ted  emission 
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cross sections, respect ive ly ,  f o r  t he  p a r t i c u l a r  F and F* sublevels. Using 
w e l l  -known r e l a t i o n s  fo r  t h e  absorption and s t imulated emission cross sections, 
and i n c l u d i n g  s u i t a b l e  assumptions about l ineshape parameters, etc., 2 0 ~ 2 1  t h e  
f i n a l  expression f o r  t h e  quantum y i e l d  o f  I*, @I*, 
and (2):  
i s  der ived from Eqs. (1) 
The ampli tude f o r  S i  i s  defined as p o s i t i v e  fo r  gain and negat ive f o r  
absorption, and Sf i s  always taken as pos i t i ve .  The l i m i t s  on S i / S f  a re  
-1 + 2. 
The quantum y i e l d s  are obtained from t h e  i n i t i a l  and f i n a l  s ignal  
amplitudes i n  a s i n g l e  t ime-resolved measurement. The i n t e r n a l  normal iza t ion  
inherent  i n  probing the  coupled p a i r  o f  s ta tes  i n  the  gain versus absorption 
technique provides a measurement t h a t  i s  i n s e n s i t i v e  t o  several experimental 
parameters. 
of t h e  probe laser, the  pressure o f  the photo lys is  gas, t he  pressures o f  t he  
These inc lude probe laser  and atomic l inewid ths ,  t he  exact tun ing  
quencher and b u f f e r  gases, the  powers of the  photo lys is  and probe lasers, and 
the  absorpt ion c o e f f i c i e n t  o f  t he  photo lys is  molecule. 
The experimental improvements discussed e a r l i e r ,  i .e., i nco rpo ra t i on  o f  
t he  g r a t i n y  and te lescoping the  photo lys is  and probe lasers, have increased 
s e n s i t i v i t y  and g rea t l y  reduced experimental d i f f i c u l t i e s .  The troublesome 
thermal lens e f f e c t  discussed i n  a previous paper20 i s  n e g l i g i b l e  here. The 
thermal lens e f f e c t  i s  caused by a d i s t o r t i o n  o f  t h e  l i g h t  path due t o  heat ing 
o f  t he  gas by the  UV l ase r  energy deposit ion. The reduc t ion  o f  t he  magnitude 
o f  t h i s  e f f e c t  may be due t o  t h e  lower pho to l ys i s  l ase r  power ( < l o  N &/pulse), 
t h e  increased s t rength  o f  t he  cyanoiodide bond (Do - 75 kca l  mole’’) compared t o  
t h e  t y p i c a l  a l k y l i o d i d e  bond (Do ,., 53 kca l  mole’’), and t h e  reduced absorpt ion 
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o f  the  photo lys is  l ase r  by the  low pressure I C N  sample. 
t o  reduce t h e  thermal heat ing  of t h e  sample. The number o f  pulses averaged t o  
A l l  t h ree  f a c t o r s  serve 
ob ta in  s u f f i c i e n t  s igna l  t o  noise has dropped by a f a c t o r  o f  1000, and i n  some 
cases a s i n g l e  laser  pulse provides an adequate s ignal .  Typ ica l  experimental 
runs now cons is t  o f  the average o f  on ly  fou r  l ase r  pulses. It i s  a l so  poss ib le  
t h a t  i n  the  previous study20 t h e  diode lase r  overlapped w i t h  some v i b r a t i o n a l  
s ta tes  (e.g. i n  c3F71), which would exacerbate the  thermal absorpt ion problem. 
One source o f  noise remaininy i s  due t o  h igh  frequency ( > l o  Wz) power 
f 1 u c t u a t i  ons o f  the d i  ode 1 aser . 
i s  used t o  fo rce  s i n g l e  mode operat ion and may be due t o  mode compet i t ion 
caused by mechanical i n s t a b i l i t y  between the  l ase r  diode and the  gra t ing .  
g r a t i n g  induced power f l u c t u a t i o n  i s  s t i l l  a r e l a t i v e l y  minor source o f  no ise 
and the  amplitude s t a b i l i t y  i s  exce l l en t  w i t h  dPo/P0 5 
t he  peak-to-peak power f l u c t u a t i o n .  
simply t h a t  associated w i t h  back ex t rapo la t i on  of t he  s igna ls  t o  get S i  and Sf, 
which i s  subject t o  mundane in te r fe rences  such as e l e c t r o n i c  p ick  up. 
These f 1 u c t u a t i  ons i ncrease when the  g r a t i  ng 
The 
where dP0 denotes 
I n  t h e  f i n a l  analys is ,  t he  major e r r o r  i s  
The f o u r  component gas mix tu re  deserves some mention. Molecular oxygen i s  
an e f f i c i e n t  quencher o f  I* ( k 2  = 2.5 x 10-11 cm3 molec-1 s-1),26 which occurs 
v i  a near resonant e l e c t r o n i c  energy t rans fer :  
The back react ion o f  t h i s  process i s  even more e f f i c i e n t  w i t h  t h e  r a t i o  o f  
k r / %  = 
0.128 s and 3880 s,  respectively,28 i t  i s  poss ib le  f o r  t h i s  e q u i l i b r a t i o n  t o  
occur. If it i s  assumed t h a t  the  only removal o f  I* i s  by O2 quenching and 
r a d i a t i v e  processes, then t h e  e q u i l i b r i u m  depic ted i n  t h e  above equation i s  
- Due t o  the long r a d i a t i v e  l i f e t i m e s  of I* and 02(1,g), T~ - 
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r a p i d l y  establ ished. I f  t h e  concentrat ion of 02 i s  not i n  l a rge  excess over 
t h e  I* concent ra t ion  then a s i g n i f i c a n t  e q u i l i b r i u m  concentrat ion o f  I* may be 
present a t  long times. A basel ine equ i l i b r i um I* concentrat ion would cause the  
measured f i n a l  amplitude Sf t o  be t o o  small and t h e  measured quantum y i e l d  t o  
be too  large.  Anomalously 1 arge quantum y i e l d s  discussed p rev i  ously20 were 
measured w i t h  low pressures of 02 as the only  quencher. A c a l c u l a t i o n  us ing 
the  measured o2 pressure and the  estimated I* concentrat ion i nd i ca tes  t h a t  
those anomalously h igh  y i e l d s  were very l i k e l y  due t o  t h i s  e q u i l i b r a t i o n .  The 
a d d i t i o n  o f  a small amount o f  hydrogen prov ides a pathway f o r  d ispos ing o f  t h e  
equi 1 i brated  e l e c t  ron i  c energy : 
( 5 )  
* 
I + H2 + H2(v=2) + I 
H ( ~ 2 )  + H2(v=O) + 2H2(v=1) . 2 
The nature o f  t he  probe technique used here t o  e x t r a c t  quantum y i e l d s  
requ i res  a c o l l i s i o n a l  environment . Unfortunately, UV pho to l ys i s  o f t e n  
leads t o  t r a n s l a t i o n a l l y  hot  r a d i c a l  production. Thus, chemical reac t ions  
o f  t r a n s l a t i o n a l l y  hot r a d i c a l s  could a f f e c t  t h e  measurement. For example 
I C N  + hv + I * ( I )  + - CN ( 7 )  
CN + H2 + HCN t H 
H + I C N  + HCN t I ( I * )  
-
. 
Here - CN ind i ca tes  a t r a n s l a t i o n a l l y  hot CN rad i ca l .  The above mechanism could 
produce erroneous r e s u l t s  if a h igh  pressure of HE i s  present and step (9 )  i s  
f as t .  
50 Tor r )  serves t o  thermal ize t h e  CN rad i ca l s  rap id ly .  
Constants29 i n d i c a t e  t h a t  t h e  relevant reac t ions  o f  thermal CN rad i ca l s  are 
slow. I n  order  t o  check f o r  poss ib le  chemical e f f e c t s  t h e  t o t a l  pressure of 
The i n c l u s i o n  o f  a large,  A r  bu f fe r  gas component  PA^ = 6.65 kPa = 
Published r a t e  
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the  gas sample, and the  r a t i o  of I C N  t o  buffer and quencher gas pressures i s  
var ied  by a fac to r  of 5. 
t en  fo ld .  No systematic e f fects  are observed, Le., 41* va r ies  randomly 
w i t h i n  +ZU o f  the  mean value. 
I n  add i t ion ,  t h e  pho to l ys i s  l a s e r  power i s  var ied  
Telescoping o f  t he  probe and pho to l ys i s  lasers  increases t h e i  r power 
dens i t i es  approximately th ree  fo ld .  The p o s s i b i l i t y  of mul t iphoton e f f e c t s  
due t o  h igh  photo lys is  l ase r  power dens i t i es  i s  checked by vary ing  t h e  
pho to l ys i s  l a s e r  power as mentioned. 
probe laser  miyht a lso  a l t e r  t h e  I ( I * )  populat ions by o p t i c a l  pumping. A 
ser ies  o f  neu t ra l  dens i ty  f i  1 t e r s  i s  used t o  reduce the  probe lase r  power 
by a f a c t o r  of 7. The quantum y i e l d s  are not a f fec ted  by e i t h e r  o f  these 
systematic checks, again 4 * var ies  randomly w i t h i n  2 2 ~  o f the  mean value. 
The experimental signal amplitudes however vary l i n e a r l y  w i t h  both pho to l ys i s  
and probe l a s e r  power as would be expected. 
The increased power dens i ty  o f  t h e  
I 
A sumnary of t he  quantum y i e l d  r e s u l t s  i s  presented along w i t h  the  
previous data and some recent t h e o r e t i c a l  p red ic t i ons  i n  Table I. There 
are both q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e rences  between t h e  r e l a t i v e  I R  
f luorescence y ie lds10 and the  y i e l d s  repor ted here. Our y i e l d s  are always 
grea ter  than t h e  r e l a t i v e  f luorescence y ie lds10  and show a much broader 
wavelenyth reg ion o f  h igh y i e l d .  The f r a c t i o n  o f  t o t a l  absorpt ion t h a t  leads 
t o  I* i s  displayed along w i t h  our gas phase I C N  UV absorpt ion spectrum and 
several o lde r  data i n  Fig. 5. The sample o f  ICN f o r  t he  absorpt ion spectrum i s  
p u r i f i e d  by repeated subl imation. The absorpt ion spectrum, which i s  measured 
w i t h  a commercial spectrometer, i s  q u a n t i t a t i v e l y  d i f f e r e n t  from the  on ly  
o ther  repor ted spectrum.30 The discrepancy i s  i n  t h e  cen t ra l  p o r t i o n  of t he  
absorption. 250 nm) = 85 E 
mole'l cm-l versus '(Amax = 250 nm) = 100 
The maximum e x t i n c t i o n  reported here i s  c(amax 
mole-' cm-l repor ted previously.30 
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Since the  r e l a t i v e  y i e l d d o  are dependent upon an accurate absorpt ion 
measurement for  both the  reference and precursor gases, t h i s  could be a source 
o f  pa r t  o f  the discrepancy w i t h  those e a r l i e r  measurements (see below). 
Another poss ib le  source of e r r o r  i n  the  I R  f luorescence y i e l d s l O  i s  the  
enhancement o f  1.3 fl emission due t o  exc ip lex format ion between the  parent 
iod ides  and I*.31 f o r  example, i t  was shown t h a t  I* can form the  complex32: 
I* + i-C3F7I + i-C3F7I-I * 
Complexed I* has a l a r g e r  emission p r o b a b i l i t y  than uncomplexed I*. A t  the  
pressures reported i n  the  fluorescence experiments,lO however, t h i s  e f f e c t  
should account f o r  only a 1% error.32 The I R  f luorescence y i e l d s  are a lso 
scaled r e l a t i v e  t o  the  known y i e l d  o f  the standard molecule i-C3F71a 
work, a y i e l d  o f  0.90, obtained from broadband f l a s h  photo lys is33 was used. 
Recently, we have measured the quantum y i e l d  o f  i-C3F7I a t  266 nm and found i t  
t o  be 1.0.2" This higher value i s  i n  agreement w i t h  the  r e s u l t s  o f  Smedley 
and Leone, who a lso concluded i n  separate wavelength resolved I R  f luorescence 
measurements tha t  t he  y i e l d  must be essen t ia l l y  1.0 f o r  i-C3F71.32 If 
cor rec t i ons  are made t o  the  I R  f luorescence resu l t s lO  f o r  t he  d i f fe rences  i n  
I n  t h a t  
t h e  absorpt ion c o e f f i c i e n t  and the  quantum y i e l d  of t he  standard compound, 
then the  I R  f luorescence r e s u l t  a t  266 nm agrees very we l l  w i t h  the  absolute 
y i e l d  reported here; t he  4 * values would be 68% ( IR)  and 66.0% (d iode).  
However, I* y i e l d s  a t  other wavelenyths cannot be s i m i l a r l y  reconci led.  
example, the  corrected I H  fluorescence10 y i e l d  a t  280 nm i s  3224%. 
I 
For 
I f  t h i s  
were tne  t r u e  y i e l d ,  then the  gain-versus-absorption measurement would show 
not yain but absorption, y e t  our experiments f i nd  a s t rong gain a t  280 nm 
and a +I* value of 57.7%. This i s  the gain-versus-absorption s ignal  t h a t  i s  
d isp layed i n  Fig. 4. 
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I V .  OISCUSSION 
It i s  we l l  estab l ished t h a t  t h e  photod issoc ia t ion  of t h e  I C N  'A: s t a t e  
produces I and I* atoms.10,ll It i s  a l so  known t h a t  t h e  I* channel leads t o  
CN r o t a t i o n a l  d i s t r i b u t i o n s  which are peaked a t  low N" and t h a t  t h e  I channel 
produces a CN ro ta t i ona l  d i s t r i b u t i o n  peaked a t  h igh  N".7-9 Nadler e t  a l .  
have resolved the f r a c t i o n s  o f  i n d i v i d u a l  r o t a t i o n a l  l e v e l s  corresponding 
t o  the  I and I* channels a t  266 nm us ing sub-Doppler r e s o l u t i o n  l a s e r -  
induced f l u o r e s ~ e n c e . ~  The I* quantum y i e l d  i s  then obtained by sumning t h e  
appropr ia te  component over a l l  t he  r o t a t i o n a l  leve ls .  The y i e l d  i s  found t o  
be approximately 65%, which i s  i n  exce l l en t  agreement w i t h  t h e  value o f  66.0% 
repor ted here. Product r o t a t i o n a l  d i s t r i b u t i o n s  as a func t i on  o f  pho to l ys i s  
wavelenyth have a lso  been ~ b t a i n e d . ~ , ~ ~  Estimates o f  t he  I* quantum y i e l d  
may be ext racted from these w i thout  reso l  v i  ng the  r o t a t i o n a l  Doppler p r o f  i 1 es 
by assuming tha t  t he  low and h igh  N" d i s t r i b u t i o n s  correspond t o  I* and I 
products, respect ive ly .  The r o t a t i o n a l  i n t e n s i t i e s  may then be summed t o  
ob ta in  the  y ie ld .  
est imated t o  be 35210% and 61,+12%, respect ive ly .7  These agree we l l  w i t h  t h e  
values o f  44.024% and 57.722% obta ined here. Our I* y i e l d s  s t rong ly  support 
t h i s  i n t e r p r e t a t i o n  o f  t he  I/I* channels and t h e i r  r e l a t i o n s h i p  t o  t h e  
r o t a t i o n a l   distribution^.^'^ The absolute I* y i e l d s  a l so  compare favorably 
w i t h  a recent t heo re t i ca l  c a l c u l a t i o n  (Table I ) . l  
I n  t h i s  manner the  I* y i e l d  a t  248 and 280 nm can be 
Except near t h e  peak o f  t he  I* y i e l d  a t  266 nm, our I* y i e l d s  do not  
agree we l l  w i t h  the  r e l a t i v e  I R  f luorescence yields.10 The disagreement 
p e r s i s t s  even a f te r  t h e  r e l a t i v e  y i e l d s  have been rescaled t o  co r rec t  fo r  
e r r o r s  i n  the  reported I C N  absorpt ion spectrum30 and the  quantum y i e l d  of 
t h e  C3F7I standard compound. 
-15- 
The exact number of exc i ted  s tates invo lved i n  t h e  I C N  X band 
photod issoc ia t ion  i s  a key unresolved issue. Although t h e  maximum number 
of s ta tes  invo lved i s  not  known, there i s  s t rong evidence f o r  a t  l e a s t  th ree  
s ta tes  being involved. 
s ta tes  are  evident from the  wavelength dependence o f  t h e  r e l a t i v e  I* quantum 
P i t t s  and Baronavski r e p o r t l o  t h a t  a t  l e a s t  t h ree  
y i e l d .  Those authors deconvolved t h e  a s t a t e  absorpt ion by m u l t i p l y i n g  t h e  
I* quantum y i e l d  by the  molar e x t i n c t i o n  c o e f f i c i e n t  t o  ob ta in  t h e  absorpt ion 
due t o  t h e  I* state.  The remaining absorption was assumed t o  be due t o  s ta tes  
c o r r e l a t i n g  w i t h  I ground s t a t e  production. This produces what appears t o  be 
th ree  d i s t i n c t  absorptions; however, our r e s u l t s  show only two broad features 
(Fig. 5). There could be a t h i r d  feature t o  longer  wavelengths, but our 
measurements have not extended t h a t  f a r .  Analys is  o f  t he  absorptions alone 
does not address the  possi b i  1 i t y  of nonadiabatic processes . Consi der1 ng the  
p a r a l l e l  nature of the  t r a n s i t i o n  moment and c o r r e l a t i o n  diagram arguments, 
which preclude t h e  I atom channel f o r  a l i n e a r  t r a n s i t i o n  state,2 t h e  MCD 
resu l ts ,g  and the  success of recent t heo re t i ca l  c a l c u l a t i o n s , l  nonadiabatic 
processes i n  t h e  d i ssoc ia t i on  o f  I C N  a lso appear t o  be important. 
While th ree  d i s t i n c t  bands are no longer obvious i n  t h e  A s t a t e  
deconvolution, the  r e s u l t s  s t i l l  suggest t h a t  a t  l e a s t  t h ree  s ta tes  are 
involved. A t  266 nm t h e  p a r a l l e l  component of t he  t r a n s i t i o n  moment accounts 
fo r  a t  l e a s t  85% of the  a b ~ o r p t i o n . ~ , ~  The upper s t a t e  reached by the  p a r a l l e l  
t r a n s i t i o n  has 0' symnetry, i s  o f  l i n e a r  geometry, and co r re la tes  w i t h  I* + 
CN(2z+) products.*,g The I* y i e l d  a t  266 nm i s  however, on ly  66%. Since the re  
are no p a r a l l e l  t r a n s i t i o n s  which co r re la te  t o  I(2P3,2) t CN(~,+) products f o r  
l i n e a r  ICN,2,9 there  must be a second s t a t e  which couples non-ad iabat ica l l y  t o  
t h e  l i n e a r  0' s ta te,  perhaps a t  la rge  i n t e r n u c l e a r  separat ion (R), i n  order t o  
account f o r  t h e  219% discrepancy. The r o l e  o f  such a nonadiabatic process has 
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been inves t iga ted  theo re t i ca1 ly . l  The photod issoc ia t ion  was modeled us ing  
c l a s s i c a l  t r a j e c t o r i e s .  I n  t h a t  work, it was assumed t h a t  t h e  d i r e c t  absorpt ion 
i s  exc lus i ve l y  t o  
I* + CN(~E+,V=O). Nonadiabatic t r a n s i t i o n s  t o  a s t a t e  of bent geometry, which 
co r re la tes  t o  I + CN(~E+,V=O), are assumed t o  occur. 
be o f  bent geometry t o  be cons is ten t  w i t h  t h e  h igh  N" r o t a t i o n a l  d i s t r i b u t i o n  
found f o r  t h e  I(2p3,2) + CN channel. The c a l c u l a t i o n  attempted t o  reproduce 
t h e  I* quantum y ie lds ,  t h e  CN r o t a t i o n a l  d i s t r i b u t i o n s  and the  average 
r o t a t i o n a l  energy i n  each channel, a l l  as a func t i on  of photod issoc ia t ion  
wavelength.1 
d i s t r i b u t i o n s  f o r  248 and 266 nm photo lys is ,  and good agreement a t  280, 290 
l i n e a r  d i a b a t i c  exc i ted  s t a t e  which d issoc ia tes  t o  form 
The second s t a t e  must 
Excel l e n t  agreement was found w i t h  experimental r o t a t i o n a l  
onger than 260 nm, t h e  ca lcu la ted  I* y i e l d s  
absolute y i e l d s  repor ted here than w i t h  t h e  IR 
and 308 nm. A t  wavelengths 
agree much bet ter34 w i t h  the  
f 1 uorescence y i e l d s  .lo 
Tne presence o f  a t h i r d  
f o r  wavelengths shorter than 
e x c i t e d  s t a t e  i s  suggested by the  drop i n  I* y i e l d  
26U nm. A t  248 nm the  I* y i e l d  i s  on ly  44%. I f  we 
assume a Landau-Zener-1 i ke v e l o c i t y  dependence f o r  curve cross ing then we would 
expect t he  I* y i e l d  t o  monotonical ly increase as photod issoc ia t ion  wavelength 
decreases, i.e., l ess  curve cross ing t o  the  I(2p3,2) + CN(~Z+) channel i s  
expected as ve loc i t y  through t h e  cross ing reg ion increases. It i s  u n l i k e l y  
t h a t  the  sharp drop-off i n  I* y i e l d  from 260 t o  248 nm can be accounted f o r  by 
a s i n y l e  curve crossing a t  l a rge  R. This suggests t h a t  a t h i r d  s ta te,  again 
of bent geometry, i s  e i t h e r  d i r e c t l y  accessed by absorpt ion o r  i s  coupled t o  
the  l i n e a r  O+ state a t  shor t  H. The MCD r e s u l t s 9  would suggest t he  l a t t e r .  
The I* y i e l d  predicted by the  two-state t h e o r e t i c a l  model i s  an anomalously 
l a r y e  69% a t  248 nm. To exp la in  t h e  discrepancy, G o l d f i e l d  e t  a l .1  a l s o  
conclude t h a t  a second bent s t a t e  which couples a t  shor t  R i s  involved. 
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The number o f  s ta tes  accessed d i r e c t l y  i n  the  'II s ta te  by absorpt ion i s  
a key unresolved problem and there i s  much c o n f l i c t i n g  evidence. There are  
two a l t e r n a t i v e  but con t rad ic to ry  explanations o f  the  absorption. One 
exGlanation i s  t h a t  the  absorpt ion t r a n s i t i o n  moment i s  e n t i r e l y  p a r a l l e l ,  
and a l l  absorpt ion i s  t o  the  l i n e a r  0' s t a t e  which cor re la tes  t o  I* + CN(2ct) 
products. The product ion f I(2P3,2) + CN(2c+) products must then occur 
throuyn non-adiabatic coup i n g  t o  bent states.  This explanat ion i s  fos te red  
by the  i n t e r p r e t a t i o n  of a recent MCD experiment which i nd i ca tes  t h a t  only one 
s t a t e  i s  d i r e c t l y  accessed i n  the  I C N  band absorption.9 Fur ther  support i s  
provided by Nadler - e t  a l e 9  who f i n d  tha t  f o r  266 nm d issoc ia t i on  t h e  f3 values 
do not change w i t h  N" i n  a regular  manner. 
t r a n s i t i o n s  con t r i bu te  separately t o  the h igh  N" I channel and the  low N" I* 
channel, respect ive ly ,  one would expect t he  B values f o r  low and h igh  N" t o  
d i f f e r .  They are found t o  be equal w i t h i n  experimental e r ro r .  
I f  perpendicular and p a r a l l e l  
The second explanat ion i s  t h a t  the t r a n s i t i o n  moment i s  a mix tu re  o f  both 
p a r a l l e l  and perpendicular components and that more than one exc i ted  s t a t e  i s  
accessed d i r e c t l y  i n  absorpt ion from the I C N  ground e l e c t r o n i c  s ta te.  Evidence 
f o r  a "mixed s ta te  d i r e c t  absorpt ion" i s  provided by photofragment angular 
d i s t r i b u t i o n s  which f i n d  B values s i g n i f i c a n t l y  less than would be expected 
f o r  a pure p a r a l l e l  t rans i t ion .13  S i m i l a r l y  t he  imperfect  alignment o f  the CN 
r o t o r  lead t o  the  conclusion that  a t  266 nm the  t r a n s i t i o n  has both p a r a l l e l  
and perpendicular character.8 
H a l l  - e t  a l O 8  c a r e f u l l y  analyzed the r o t a t i o n a l  alignment o f  t he  CN 
fragment and concluded t h a t  the  imperfect alignment cannot be due t o  r o t a t i o n  
of t he  CN molecule p r i o r  t o  d i ssoc ia t i on  o r  o r b i t a l  angular momentum caused by 
bending of t he  ICN molecule dur ing  the d issoc ia t ion .  They be l ieve  t h a t  t he  
best  explanat ion for  t he  imperfect  alignment i s  t h a t  t he  absorpt ion t r a n s i t i o n  
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moment i s  a mixture o f  p a r a l l e l  and perpendicu lar  components. They suggest t h a t  
near 266 nm t h e  t r a n s i t i o n  moment i s  on ly  85% p a r a l l e l  and 15% perpendicular, 
and t h a t  a t  both longer and shor te r  wavelengths the  t r a n s i t i o n  moment becomes 
more perpendicular. This i nd i ca tes  t h a t  t h e  R s t a t e  absorpt ion cons is ts  o f  a 
s t rong cen t ra l  p a r a l l e l  t r a n s i t i o n  w i t h  two weaker perpendicu lar  t r a n s i t i o n s  
on e i t h e r  side. This suggests t h a t  a t  l e a s t  t h ree  s ta tes  are invo lved i n  
the  X band photodissoc iat ion.  The absolute I* y i e l d s  decrease sharp ly  below 
260 nm. I f  we assume t h a t  t he  t r a n s i t i o n  moment i s  pure ly  p a r a l l e l  and 
accesses only  a s ing le  l i n e a r  O+ state,  then we must pos tu la te  an extremely 
s t rong coup l ing  t o  a second bent s t a t e  t o  account f o r  t h e  decreasing I* 
y i e l d s .  This i s  possible, but i t  seems much less  l i k e l y  than i f  there  i s  
a component o f  the t r a n s i t i o n  moment which d i r e c t l y  accesses a bent s t a t e  
c o r r e l a t i n y  w i t h  I (2P ) + CN(2c+) products. 3/ 2 
It i s  i n t e r e s t i n g  t o  speculate upon t h e  r o l e  o f  e x c i t e d  v i b r a t i o n a l  l e v e l s  
o f  t he  ground e lec t ron i c  s t a t e  i n  the  d issoc ia t ion .  I n  a recent t h e o r e t i c a l  
study o f  t h e  UV photod issoc ia t ion  of HCa, t h e  c h l o r i n e  atom branching r a t i o s ,  
C a { 2 p l l , ) / C a { 2 p  
The pred ic ted  branching r a t i o s  are s t rong ly  dependent on t h e  v i b r a t i o n a l  l eve l  
of the  HCa ground e l e c t r o n i c  s ta te .  The 321 cm-1 ,,2 bending v i b r a t i o n  o f  I C N  
may analogously af fect  t he  I* branching r a t i o s .  
), are ca l cu la ted  as a funct ion o f  d i s s o c i a t i o n  ~ a v e l e n g t h . ~ ~  31 2 
A t  300 K 15% and 3% o f  t h e  
I C N  molecules are thermal ly  exc i ted  w i t h  one and two quanta o f  t h e  ~2 bending 
v ib ra t i on ,  respect ive ly .  Our I* quantum y i e l d s  agree we l l  w i t h  t h e  I* y i e l d s  
estimated from r o t a t i o n a l  populat ions obtained i n  s t a t i c  c e l l  experiments.7 A 
separate set  of CN r o t a t i o n a l  d i s t r i b u t i o n s  i s  repor ted i n  t h e  same work for  
molecular beam cooled I C N  precursor  molecules. The I* y i e l d  estimated from 
t h e  r o t a t i o n a l  d i s t r i b u t i o n s  o f  cooled I C N  are much lower than t h e  s t a t i c  c e l l  
I* y i e l d  estimates. The amount o f  t he  change increases w i t h  wavelength; t he  
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p ropor t i on  o f  hot band e x c i t a t i o n  invo lved i n  t h e  x band absorpt ion would a l so  
increase w i t h  wavelength. This suggests t h e  p o s s i b i l i t y  t h a t  when bent I C N  i s  
e x c i t e d  i n t o  t h e  A" continuum i t i s  much more l i k e l y  t o  d i ssoc ia te  i n t o  ground 
s t a t e  products. 
I f  we assume t h a t  t he  absorpt ion i s  exc lus i ve l y  v i a  a p a r a l l e l  t r a n s i t i o n ,  
even f o r  bent ICN, then it may be t h a t  t h e  bent molecule, when "transported" t o  
t h e  exc i ted  s t a t e  surface, i s  more l i k e l y  t o  f i n d  the  "cross ing seam'' and en ter  
t he  ground s t a t e  I atom channel than the l i n e a r  molecules. It may be t h a t  t h e  
C N - I  angle i s  " i n  p o s i t i o n "  t o  move onto t h e  bent p o t e n t i a l  surface. I f ,  on 
t h e  o ther  hand, we a l low fo r  d i r e c t  absorption t o  a bent exc i ted  s t a t e  which 
c o r r e l a t e s  t o  12P3,2 + CN(%+) products, then i t  i s  poss ib le  t h a t  t he  bent 
I C N  has b e t t e r  Franck-Condon factors  than l i n e a r  I C N  t o  make t h i s  t r a n s i t i o n .  
I n  add i t ion ,  t r a n s i t i o n s  t h a t  are forbidden f o r  l i n e a r  I C N  may be al lowed f o r  
bent ICN. This could prov ide f o r  some perpendicu lar  component t o  become 
a c t i v e  i n  the  t r a n s i t i o n  moment. 
, 
V . CONC LUS I O N  
We repor t  absolute I* quantum y i e l d s  fo r  t h e  I C N  s t a t e  as a func t i on  o f  
wavelength. 
y i e l d s 1 0  bu t  agree we l l  w i t h  the  i n t e r p r e t a t i o n  o f  experimental CN r o t a t i o n a l  
Our r e s u l t s  disagree w i th  t h e  previous wavelength-resol ved I* 
d i s t r i b u t i o n s  and t h e o r e t i c a l  ca lcu la t ions .  We conclude t h a t  a t  l e a s t  t h ree  
s tates,  one l i n e a r  and two bent are invo lved i n  i n t e r a c t i o n s  i n  t h e  I C N  K 
c o n t i  nuum. We cannot conclude whether the  absorpt ion t r a n s i t i o n  moment has 
on ly  a p a r a l l e l  component o r  has both p a r a l l e l  and perpendicu lar  components. 
-20- 
AC KNOW LEDti ME NTS 
The authors a r e  gra te fu l  for  t h e  generous support from t h e  Nat ional  
Aeronautics and Space Administrat ion,  t h e  Air Force Weapons Laboratory, and 
t h e  Nat ional  Science Foundation, which made t h i s  p r o j e c t  possible.  
-21- 
REFERENCES 
a ) S t a f f  Member, Quantum Physics Div is ion,  National Bureau o f  Standards. 
1. E. M. Goldf ield, P. L. Houston and G. S. Ezra, J. Chem. Phys. - 84, 3120 
(1986). 
M. 0. Morse, K. F. Freed and Y. 8. Band, 3. Chem. Phys. - 70, 3620 
(1979) . 
K. E. Holdy, L. C. K l o t t  and K. R. Wilson, 3. Chem. Phys. - 52, 4588 
(1970) . 
4. J. A. Beswick and J. Jor tner ,  Chem. Phys. - 24, 1 (1977). 
5. U. Halavee and M. Shapiro, Chem. Phys. - 21, 105 (1977). 
6 .  R. W. Heather and 3. C. Light, J. Chem. Phys. 7 78, 5513 (1983). 
7. W. J. Mar ine l l i ,  N. Sivakumar and P. L. Houston, J. Phys. Chem. - 88, 6685 
(1984). 
G. E. Hal l ,  N. Sivakumar and P. L. Houston, J. Chem. Phys. - 84, 2120 
(1986). 
I. Nadler, D. Mahgerefteh, H. Re is le r  and C. W i t t i g ,  3. Chem. Phys. - 82, 
3885 (1985). Unpublished MCD resu l t s  o f  A. Gedanken c i t e d  i n  t h i s  work. 
10. W. M. P i t t s  and A. P. Baronavski, Chem. Phys. Let t .  - 71, 395 (1980). 
11. S. T. Amimoto, 3. R. Wiesenfeld and R. H. Young, Chem. Phys. Let t .  - 65, 
402 (1979). 
12. F. Shokoohi, S. Hay and C. W i t t i g ,  Chem. Phys. Let t .  - 110, 1 (1984). 
13. J. H. Ling and K. R. Wilson, J.' Chem. Phys. - 63, 101 (1975). 
14. A. P. Baronavski and 3. R. McDonald, Chem. Phys. ktt. - 45, 172 (1977). 
15. A. P. Baronavski, Chem. Phys. _. 66, 217 (1982). 







17. N. F. Scherer, J. L. Knee, 0. 0. Smith and A. H. Zewail, J. Phys. Chem. 
-’ 89 5141 (1985). 
18. u. H. Fisher, T. Carrington, S. V. F i l s e t h ,  C. M. Sadowski and C. H. 
Dugan, Chem. Phys. - 82, 443 (1983). 
M. J. Sabety-Dzvonik and R. 3. Cody, 3. Chem. Phys. - 66, 125 (1977). 19. 
20. W. P. Hess, S. J. Kohler, H. K. Haugen and S. R. Leone, 3. Chem. Phys. 
- 84, 2143 (1986). 
H. K. Haugen, E. Weitz and S. R. Leone, J. Chem. Phys. 83, 3402 (1985). 
L. Goldbery, H. L. Taylor, A. Dandridge, J. F. Weller and R. 0. Miles, 
IEEE J. Uuant. E lec t r .  - QE-18, 555 (1982). 
21. 
22. 





W. Theime and E. F i l l ,  Opt. Commun. - 36, 361 (1981). 
J. Vigue, P. Grangier and A. Aspect, Phys. Rev. A - 30, 3317 (1984).  
D. H. Burde and R. H. McFarlane, 3. Chem. Phys. - 64, 1850 (1976). 
K. Watanabe, S. Kashiwabara and R. Fujimoto, J. Appl. Phys. - 59, 42 
(1985). 
G. A. F isk and G. N. Hays, 3. Chem. Phys. - 77, 4965 (1982). 28. 
29. Handbook o f  Bimolecular and Termolecular Gas Reactions, Vol. I., Ed. 3.  
A l i s t e r  Kerr, Assist.. Ed. Stephen 3. Moss (CRC Press, Inc., Boca Raton, 
F1 o r i  da, 1981). 
30. A. V. Yakoleva, Jzvest. Akad. Nauk SSSR Ser. F iz .  - 14, 517 (1950). 
Note: There have been several repor ts  o f  I C N  absorpt ion spectra i n  t h e  
l i t e r a t u r e ,  bu t  a l l  seem t o  r e f e r  back t o  t h i s  o r i g i n a l  work. 
31. E. tierck, Opt. Comnun. - 41, 102 (1982). 
32. J. L. Smedley and S. R. Leone, 3. Chem. Phys. - 79, 2687 (1983). 
33. T. Donohue and J. R. Wiesenfeld, J. Chem. Phys. - 63, 3130 (1975). 
-23- 
34. ti. S. Ezra ( p r i v a t e  comnunication). The computed y i e l d s  are compromise 
values since a reasonable fit t o  the then a v a i l a b l e  I* y i e l d s  (Ref. 10) 
could be made only  a t  the  expense o f  t h e  prec ise  f i t  t o  t h e  r o t a t i o n a l  
d i s t r i b u t i o n s .  Thus t h e  agreement between these ca l cu la t i ons  and t h e  
absolute y i e l d s  repor ted here may be even be t te r .  
35. S. C. Giver tz  and G. G. Ba l i n t -Ku r t i ,  3. Chem. SOC., Faraday Trans. 2, 
- 82, 1231 (1986). 
-24- 
TABLE 1. I* quantum y i e l d s  from ICN.  
Wavelength 41* @I* 4 I* d I *  
This work I R  f luorescencea Estimated from Theoret ica lc  































a I R  fluorescence r e l a t i v e  t o  i-C3F7I (Ref. 10). Rescaled t o  co r rec t  f o r  
e r r o r s  i n  absorption and i-C3F71 quantum y i e l d .  
bEstimated from CN r o t a t i o n a l  l e v e l s  from I C N  d issoc ia ted  a t  300 K except 
cTheoret ica l  ca l cu la t i on  us ing c l a s s i c a l  t r a j e c t o r i e s  (Ref. 1). 
dFrom sumat ion  o f  Doppler resolved CN r o t a t i o n a l  s t a t e  d i s t r i b u t i o n s  
f o r  248 nm, i n  which ICN has been cooled (Ref. 7). 
(Kef. 9). 
eFrom t h e  peak area o f  t ime o f  f l i g h t  spectrum (Ref. 13). 
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FIGURE CAPTIONS 
Fig. 1. Schematic drawing of t h e  experimental apparatus showing t h e  
photo lys is  c e l l  , high temperature I atom absorpt ion c e l l ,  pu lsed 
pho to l ys i s  laser ,  cw diode probe lase r  and the  s igna l  processing 
equipment. Both the  photo lys is  and probe lasers  are telescoped down 
t o  increase power dens i t ies .  
Schematic drawing of t h e  diode lase r  setup showing the  a n t i -  
r e f l e c t i o n  (AR) coated c o l l i m a t i n g  lenses, L i t t r o w  con f igu ra t i on  
g r a t i n g  and t h e  po la r izer -quar te r  wave p l a t e  o p t i c a l  i s o l a t o r .  
The emission spectrum o f  t h e  diode lase r  under (a) f r e e  running 
condi t ions;  no o p t i c a l  feedback i s  employed. The diode lase r  draws 
a current  of 60 mA a t  1.25 V. The output power Po i s  approximately 
4 mW. 
t h e  g ra t i ng  forces t h e  diode l a s e r  i n t o  near ly  s i n g l e  mode operation. 
po i s  equal t o  the  f ree  running con f igu ra t i on  t o  w i t h i n  0.1%. 
Fig. 4. Transient absorpt ion s igna l  from a multicomponent mixture. The t o t a l  
Fig. 2. 
Fig. 3. 
(b) S ing le  mode operation; frequency se lected feedback from 
pressure i s  -10 kPa (75  Torr).  
1% 02, 10% H2 and -89% Ar.  Prompt ga in i s  observed f o l l o w i n g  t h e  
280 nm photolySiS pulse. The I*(2p1/2) atoms are then r a p i d l y  
quenched bY 02 and HE. The back ex t rapo la ted  t ime zero amplitude 
(si), i s  p ropor t iona l  t o  t h e  i n i t i a l  i nve rs ion  density. The long 
t ime  asymptotic amplitude (Sf) i s  p ropor t iona l  t o  t h e  t o t a l  I atom 
densi ty  produced by the  photo lys is  pulse. Four 10 mJ l ase r  pulses 
were averaged t o  ob ta in  t h i s  s igna l  . 
The sample composition i s  0.3% ICN, 
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Fig. 5. The s o l i d  l i n e  i s  our measured ICN absorpt ion spectrum, t h e  crosses 
( x )  are values taken from the  absorpt ion measurement o f  Yakoleva (Ref. 
30). The s o l i d  c i r c l e s  and squares denote t h e  components o f  t he  ICN 
absorption leading t o  the  product ion o f  I* and I ,  respec t ive ly ,  us ing 
t h e  I* y i e l d s  repor ted here. 
(- . - -) l i n e s  denote the  components of t h e  absorpt ion lead ing  
t o  I* and I product ion us ing t h e  rescaled I R  f luorescence y i e l d s  o f  
Ref. 10. 
The do t ted  ( 0  0 )  and dash-dotted 
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